Abstract-This paper describes how we constructed a real-time database for the euro area. The database covers more than 200 series regularly published in the European Central Bank Monthly Bulletin, as made available to the Governing Council members for their first monthly meeting. We study the properties of the real-time data flow and data revisions in the euro area, also providing comparisons with the United States and Japan. We illustrate how revisions contribute to the uncertainty surrounding key macroeconomic ratios and the non-accelerating inflation rate of unemployment.
The collection and dissemination of real-time data have fostered extensive research on both methodological issues, such as the robustness of different econometric models to data revisions (Orphanides & van Norden, 2002; Croushore & Stark, 2005) , and on economic policy aspects, such as the ex post interpretation of policy actions (Orphanides, 2001) . 1 The combination of stimulating empirical findings and the relevance of the policy implications was the main motivation for the Euro Area Business Cycle Network (EABCN) to launch the Real-Time DataBase (RTDB) project with the aim of stimulating research on real-time data analysis for the euro area and European countries.
In this paper, we present in detail how we constructed the area-wide RTDB for the euro area by collecting the data that have been regularly published in the European Central Bank (ECB) Monthly Bulletin. The ECB Governing Council receives these data in time for its first meeting of any given month. The database therefore represents a historical record of the data used to inform monetary policy decisions. 2 This data set has an extensive coverage of more than 230 series for the euro area as a whole. The number of vintages covered to date remains relatively small, reflecting the still recent inception of the euro area. However, the database is regularly updated, implying that the available sample will continuously increase. The dissemination to the public is operated via the ECB Statistical Data Warehouse (http://sdw.ecb.europa.eu/). Section II of this paper provides an overview of the database coverage, content and technical organization. Section III reports revision statistics, focusing on the main indicators reported in the Monthly Bulletin Euro Area Overview table (additional results for all series in the database are available in the Web appendix). A comparison with the U.S. and Japanese data is drawn in section IV. Section V documents the sensitivity of key macroeconomic ratios to data revisions. An additional illustrative analysis is conducted in section VI, where we analyze the impact of data revision on the estimation of the NAIRU. Section VII concludes.
II. Overview of the Database Content and Structure
The area-wide RTDB comprises approximately 230 indicators. The data for most variables start in January 2001. 3 1 See Chorushore (2011) for an extensive review of the research on realtime data analysis. 2 The Governing Council usually meets twice a month. At its first monthly meeting, the council assesses economic and monetary developments and makes its monthly monetary policy decisions. Of course, this data set is only one of the various inputs that the council takes into account when making these policy decisions.
3 For a subset of key macroeconomic aggregates broadly covering the time series employed in the ECB Area Wide Model (Fagan, Henry, & Mestre, 2005) vintages have been included as of October 1999. For the majority of the data, vintages before 2001 were not available on a harmonized e-archive basis; hence, this extension is limited to 38 key series. a Observations for all series in a given block are available at least since the date below for all vintages of the data set. b We report the publication lag computed using the last available vintage. If the series within a block have different publication lag, we report the maximum lag. The publication lag is computed with respect to the end of the month preceding a given Governing Council (e.g., the data for February are available in early March, in time for the March Governing Council, when the publication lag is assessed to be 0 month). For quarterly series, the publication lag is computed with respect to the last day of the quarter. For annual series, the publication lag is computed with respect to the last day of the year The time span covered by the series goes generally back to the mid-1990s but extends to 35 years in some cases.
The area-wide RTDB contains data as they were published in the ECB Monthly Bulletin. The data set is therefore based on a snapshot approach, representing the state of the information as it was available at the moment the snapshot was taken. The aim is to provide database users and Monthly Bulletin readers with the same information that has been available for the meeting of the ECB Governing Council held just before the publication of a given Monthly Bulletin issue. This timing plays an important role in the process of the bulletin production itself. The process of creating such a snapshot is called "freezing," and the day when it takes place is referred to as a "cut-off date" for the information used. As a rule, the cut-off date for the bulletin data is scheduled for the day preceding the first Governing Council meeting in a given month. 4 In the euro area-wide RTDB, data have been grouped by vintages and frequencies. Table 1 shows for each frequency the content of the files in terms of main blocks of variables included in each vintage. In line with the presentation followed in the ECB Monthly Bulletin, the total aggregate figures for many broad indicators are reported along with the breakdown in subcomponents. For instance, for the industrial production index, results are also provided for seven subsectors. A similar breakdown is provided for the harmonized index of consumer prices (HICP) and the real GDP. Methodological details for all reported breakdowns can be found in the bulletin regular methodological notes.
In the euro area RTDB, the data definition follows a socalled policy concept. Because it was not possible to collect data based on exactly the same methodological properties over the entire period of interest, series were collected according to the concepts used in the Monthly Bulletin in a given month. For instance, over the course of 2005 and 2006, ESA95 national accounts data underwent major changes as a result of the introduction of chain linking of annual and quarterly series at constant prices, the new treatment of FISIM (Financial Intermediation Services Indirectly Measured), and benchmark revisions. As a result of applying this policy concept, the vintages of, for example, GDP in real terms consist Another specific issue pertaining to the euro area RTDB is that of the relevant definition of the euro area. Following the successive enlargements of the euro zone over time, the aggregated euro area official statistics have used different definitions for the area. Alternative geographic areas have been introduced that are all called "euro area," but with differing country coverage. Two concepts of euro area are employed: the fixed composition (the same group of countries for all observations) and the changing composition (the euro area composition at the time of the observation). According to the latter, data prior to 2001 refer to a euro area with eleven countries, whereas data for the subsequent years reflect the successive enlargements of the euro area, currently up to seventeen countries. 6 Finally, although the ECB publishes all of the underlying data in its regular statistical publications, it is not the actual data provider for many of them. The source of the information is therefore identified at the top of each data block to indicate the primary data source, which in many cases is the European Commission (Eurostat).
III. Statistics on Data Revisions
Focusing on series for which international comparisons are available, figure 1 reports all available vintages for four key indicators: real GDP, industrial production, unemployment rate, and HICP. These series also correspond to the variables for which computed revisions were the most substantial among the series reported in the Monthly Bulletin Euro Area Overview table. The first observation appearing from this quite limited set of variables is that the real variables are more often and more sizably revised than the HICP. The revisions to overall real GDP are nonetheless limited, whereas the unemployment rate, and to a lesser extent, industrial production appear subject to greater and more frequent revisions.
To assess more precisely the impact of revisions on the variables included in the database, revision statistics were computed for all series. This procedure is performed separately for monthly, quarterly, and annual time series. We denote by Y t|t+i the variable of interest, where t is the time corresponding to the observation (the so-called reference period), and i the number of months passed after t. Following this notation, we report the so-called revision errors, Y t|t+i − Y t|t+24 , for i = 2, 3, . . . , 24; with t = Jan2000, . . . , Jun2009 for monthly data, and t = 2000Q1, . . . , 2009Q2 for quarterly data. This gap, 7 The index takes only 0 or positive values, possibly more than one or two months. This reflects publication lags, the number of months between the end of the reference period and the first publication of an estimate for that observation. If the data have quarterly frequency, this lag is between the first publication and the last month in the reference quarter. For monthly data, the lag is between the first publication and the reference month. between the data for a given observation as published in a given vintage and the corresponding final estimate, has the same absolute value of the revision but with the opposite sign. The final estimate is assumed to be available after two years.
The choice of a final date for computing revisions is neither a trivial nor a neutral step. The revision process affecting some data such as national accounts is a never-ending process, and there are substantial revisions even after two years, taking into account the so-called benchmark revisions. This long process and its potentially substantial implications, are strikingly illustrated in figure 2, which plots real GDP growth rate for the fourth quarter of 2001 as reported in different issues of the ECB Monthly Bulletin. This period roughly coincides with an international slowdown, and the first data releases indeed pointed to a decline in euro area economic activity, at that time the largest decline experienced since the inception of the euro. Subsequent revisions, however, provided a more positive assessment of business conditions in the euro area then prevailing, with the most recent figures now even indicating an increase instead of a decline in the real GDP growth rate. 8 Bearing such revisions in mind, the choice to compute the revisions with respect to the issue of the ECB Monthly Bulletin two years later is somewhat arbitrary but is motivated equally by the following reasons. First, it is interesting to analyze how a given observation is likely to evolve following a standard, if any, revision pattern along a period of two years, which represents a good approximation of the policy-relevant horizon. Second, the number of available vintages is small, so that analyzing revisions over a much longer horizon would leave only few data points in the sample to be effectively reviewed. Third, although there is hardly a clear definition of when "final" data arrived, in particular for national accounts, a two-year period may appear as a good proxy, always capturing the first update of annual data. Finally, work on forecast ex post accuracy, when confronted with the same issues, tends to make use of similarly relatively short horizons (typically up to the first release of the following year), as forecast errors are commonly reviewed after a relatively short span of time, close to a policymaking horizon.
The revision analysis is conducted for all series over all observations between the end of the sample covered in the first January 2001 vintage and the equivalent in the June 2007 vintage. The latter is the vintage for exactly 24 months before the last one available, so that for all observations, revisions can be computed over two years. This approach ensures that revisions for the various horizons considered (up to 24 months) and for all the series are analyzed on a common sample. Finally, to the extent that the magnitude of revisions to a given series may relate to the actual size and volatility of the series, we report the mean and the standard deviations for both the revisions and the series itself as measured in Overall, revisions are quite small, especially on the nominal side, whereas they are more substantial on the real side. In addition, there is some evidence of possible biases in the first releases; for example, real GDP tends to be underestimated initially (with negative average errors, mean revisions were positive). The statistical significance of the bias, however, cannot be assessed in view of the limited sample availability. This table shows summary statistics about some key series and their revisions. We report the mean of the series and the standard deviation of the series that can be used as term of comparison for understanding the dimension of mean and standard deviation of the revisions. We report the mean and the standard deviation of the revisions defined as Yt|t+i −Yt|t+24, where t indicates the reference period, while t +i, for i = 4, 6, 8, 12, 16, is the time in which the value of the series is observed, and we consider the observation available two years later-Yt|t+24-the true value. The publication lag indicates how many months after the reference period the first observation is available (for quarterly or annual series we respectively count from the last month in the quarter or year). For the unemployment rate, most revisions originated in a change in definition that resulted in downward shifts of the unemployment level, affecting the entire time series. These changes were due to the harmonization of the unemployment definitions across the member states, following a European Commission regulation adopted in September 2000, that member states had two years to implement. Before these changes, it was left to the individual countries to, for instance, define the time that a person may work and still be considered unemployed or to determine what were active or passive steps to find employment.
Finally, the tables report summary information on publication lags. The publication lag is computed in months with respect to the end of the month preceding a given Governing Council. For example, if the Economic Sentiment Indicator for February is available in early March, that is, in time for the March Governing Council, then the publication lag is assessed to be 0 month, as the observation will appear for the first time in the March ECB bulletin. The publication lag is not the same across vintages because the timing of data releases has changed over time. In particular, there has been an improvement over recent years in the timeliness of macroeconomic data (in particular, regarding the production of flash estimates for both real GDP and overall HICP). The lag reported in the tables is the one observed in the last available vintage (June 2009).
The publication lag provides important information about data availability and the real-time data flow for the euro area.
This information is important also to identify an eventual trade-off between timeliness and accuracy. Focusing on the main series considered in figure 1, publication lags have the following features: for real GDP, the first release is available at the beginning of the third month following the end of the reference quarter. For unemployment, euro-area data are available during the first or the second week of the second month following the reference period. Industrial production indices are released in the second third of the second month following the reference month. Finally, for HICP, a euro-area flash estimate for a current month is released at the end of the month, but it does not provide a breakdown by product groups. At approximately the middle of the following month, Eurostat publishes the HICP with a full breakdown. In all cases, the data are reported in the immediately following ECB Monthly Bulletin. 9 The first release of any observation is represented on all charts by a cross. This representation also helps to visualize for each observation the magnitude of revisions across subsequent vintages.
Among other complementary series, it is worth mentioning the Economic Sentiment Indicator since it is the most timely economic indicator and offers the advantage of being subject to only limited revisions, excluding those triggered by changes in the euro-area composition. These data are released at the end of the reference month or the beginning of the following month. Another important survey is the Purchasing Managers' Index (PMI) produced by Markit This table shows summary statistics about some key series and their revisions. We report the mean of the series and the standard deviation of the series that can be used for comparison for understanding the dimension of mean and standard deviation of the revisions. We report the mean and the standard deviation of the revisions defined as Yt|t+i − Yt|t+24, where t indicates the reference period, while t + i-for i = 4.6, 8.12, 16-is the time in which the value of the series is observed. We consider the observation available two years later-Yt|t+24-the true value. The publication lag indicates how many months later the reference period first observation is available (for quarterly and annual series we count, respectively, from the last month in the quarter or year).
Group. The PMI data are particularly timely: they are released just a few days after the end of the reference month. These data are, however, not included in the database for copyright reasons.
When considering all the indicators included in the database, a number of interesting features can be highlighted, especially in relation with the revisions affecting the data at a more disaggregate level. In particular, revisions to the real side (e.g., to industrial production) relate to volatile estimates for some specific sectors (e.g., construction and capital or intermediate goods). Similarly, some GDP components tend to be affected by revisions to a relatively larger extent, in particular investment and exports. In some cases, volatile components (e.g., imports for GDP or durable consumer goods for industrial production) are nonetheless not significantly revised over time. The Web appendix offers detailed results.
IV. Comparison with the United States and Japan
The magnitude of revisions over time can be compared across the euro area, the United States, and Japan for the following key variables: real GDP, industrial production, unemployment rate, and the HICP/CPI. The set of variables is relatively limited because only a few series available in the ECB Monthly Bulletin can be deemed sufficiently comparable across these areas or countries. 10 (Revision statistics are reported in table 3.) Figure 3 shows "normalized" revisions for the three areas or countries considered. Revisions have been normalized (i.e., divided) by the standard deviations computed on the last available vintage of the relative time series. This normalization accounts for possible differences in volatility for the same series across countries, thereby enhancing comparability.
Focusing first on data release timings and publication lags, it can be seen that real GDP and industrial production for the United States and Japan are always available at least one month earlier than for the euro area. For the unemployment rate, data for both the euro area and Japan are reported to the Governing Council after those for the United States. The timing for consumer prices is the same for all three economic areas. The differences in the reporting lags are related to the release schedule. In the United States, the advance estimate of real GDP is available at the end of the month that follows the last month of the reference quarter (and can therefore be published in the ECB Monthly Bulletin at the beginning of the second month after the reference quarter). The U.S. industrial production indices are usually released during the second or the third week of the month following the reference month. The unemployment rate for the U.S. is available during the first or the second week of the month following the reference month. The U.S. consumer price index (CPI) is released within the third week of the month following the reference month, similar to the euro area.
In general, the publication lag of euro-area data is, however, much longer for indicators of real economic activity. As a result, the timely but softer information provided by surveys may be more valuable in the euro area (some of these survey data are included in the RTDB).
With regard to revisions, those affecting the U.S. real GDP and the industrial production are larger than those for the euro area. In view of the much earlier real GDP data release for the U.S. data, the finding suggests a trade-off between timeliness and accuracy. Revisions affecting Japanese real GDP appear very large, converging in magnitude with those seen for the euro area and the U.S. series only after some twenty months. Interestingly, revisions to industrial production in Japan are more moderate than those affecting the other two countries.
Consumer price indices are never revised in the United States, all statistical revisions being zero. All revisions in the euro area relate to a single event in 2003 when the weights used for the aggregation of the national indexes changed. Japanese figures appear in between the other two areas.
Finally, for the unemployment rate series revisions are larger in the euro area than in either the United States or Japan.
V. Key Euro-Area Macroeconomic Ratios
In addition to monitoring revisions to raw data, economists in policy institutions need to process such data with a view We compare the standard deviation of the respective series for GDP, HICP, Industrial Production annual percentage changes, and the Unemployment Rate for the euro area (EA), the United States, and Japan (JP). The standard deviation of the series is computed on the last available vintage, June 2009. The revisions are defined as Y(t|t+i) − Yt|t+24, where t indicates the reference period, while t + i-for i = 1, 2, 24 on the category axis-is the time in which the value of the series is observed, and we consider the observation available two years later-Yt|t+24-the true value.
to assessing the state of the economy at a given point in time. The simplest way the data are processed is through transformations (e.g., ratios) that require no econometric work. In this section, we illustrate the effect of data revisions on a number of such macroeconomic ratios for the euro area that are useful to economists and policymakers.
The following illustrative set of ratios has been considered:
• The ratio of real GDP to total employment (apparent labor productivity)
• The ratio of real consumption to real GDP (propensity to consume)
• The ratio of real investment to real GDP (propensity to invest)
• The ratio of consumption deflator to GDP deflator (internal terms of trade)
• The ratio of real exports plus real imports over twice real GDP (trade openness)
We aim to assess whether and how such key ratios are affected by revisions to the raw data. We therefore wish to check whether the revisions to the latter can offset each other or, conversely, accumulate when considering the ratios of interest. Figure 4 shows these ratios over all vintages, with the exception of labor productivity, for which the ratio annual growth rate is reported. The relative revision statistics are reported in table 4. Given that the trade openness is clearly trended (see figure 4e) , we compute descriptive statistics on the annual changes of this ratio.
Revisions to the growth rate of labor productivity are substantial and in fact much larger than the corresponding revisions to both growth rates of real GDP (the numerator) and employment (the denominator), which do not offset each other. These revisions to the growth rate of productivity are an essential feature of all vintages. There are, however, no evident breaks in 2005 associated with the corresponding benchmark revisions in the national account and employment. These findings indicate that studies analyzing productivity gains may be subject to a high degree of real-time data uncertainty. Substantial revisions also affect both propensities to consume and invest. The average propensities are between 56% and 59% for consumption and between 19% and 22% for investment. These ranges of variability partly reflect cyclical fluctuations and a nonnegligible real-time data uncertainty, which can be as large as 2 percentage points for the propensity to consume and 1 percentage point for the propensity to invest. Again, major revisions took place in 2005.
For the internal terms of trade, the size of revisions falls between the propensity to invest and the propensity to consume. If we exclude a clear outlier corresponding to the vintage of January 2004, the range of revisions has been as large as 2 percentage points. This is significant, as the insample volatility for any given vintage of that series appears closer to 1 percentage point. Interestingly, in this case, data uncertainty has not been affected by the benchmark revisions of 2005. These results may mirror corresponding revisions affecting trade deflators on both import and export sides, which have been sizable. Analyses involving income distribution assessment (such as computations of wage or profit shares) or, similarly, purchasing power evaluation may also be affected by data revisions.
Finally, in contrast to the previous ratios, trade openness appears almost unaffected by revisions across vintages, although trade aggregates were subject to strong revisions over time. The reason for this phenomenon is that the ratio exhibits a strong upward trend, reflecting the ongoing process of globalization. With respect to this trend, data revisions are negligible. However, their role is more sizable when looking at annual changes in trade openness (see table 4). This table shows summary statistics for some key ratios and their revisions. We report the mean of the ratios and the standard deviation of the ratios that can be used as terms of comparison for understanding the dimension of mean and standard deviation of the revisions. We then report the mean and the standard deviation of the revisions defined as Yt|t+i − Yt|t+24, where t indicates the reference period, while t + i-for i = 4.6, 8.12, 16-is the time in which the value of the series is observed. We consider the observation available two years later-Y(t|t+24)-the true value.
Overall, real-time data uncertainty seems to affect not only the published raw series but also key macroeconomic ratios to a substantial extent.
VI. NAIRU Computations in Real Time
Beyond monitoring key ratios over time on a descriptive basis, economists also conduct some econometric analyses, for example, to derive other key magnitudes that are representative of the economy. Such results may not be immune to data revisions given what we have already demonstrated by looking at the simple key ratios. To illustrate that point, we study the impact of data revisions on the real-time assessment of the NAIRU for the euro area. The NAIRU is estimated following Staiger, Stock, and Watson (1997) . We strictly aim at showing the possible impact of data revisions on given econometric results, and therefore do not intend to conclude on the actual level or evolution over time of the NAIRU for the euro area. In a given sample, the model that we have employed assumes, for example, that the NAIRU is constant in-sample. Many alternative methods can be used for NAIRU computations, leading to varied views as to what extent and why the NAIRU changes over time. Such investigation is beyond the scope of this paper, however. Staiger et al. (1997) suggest determining the NAIRU with the following relationship, according to which inflation does not change when unemployment is at NAIRU:
where Δπ t is the change in the annual inflation rate (computed using HICP, excluding energy and unprocessed food), U t is the unemployment rate, and X t denotes additional control variables, including one lag of the change in inflation and one lag of the change in oil price inflation. The NAIRU, μ, enters the formula as an unknown parameter. This relationship cannot be estimated with ordinary least squares because the model is nonlinear in its parameters. For this reason, Staiger et al. (1997) suggest estimating the following relationship instead:
Given the ordinary least squares estimates of the constant term α and coefficients β 1 and β 2 , the unique value of the NAIRU for any given data sample can then be estimated as
On this basis, we have derived the euro-area NAIRU for all available vintages. We also computed the estimation uncertainty surrounding this indicator using Fieler's method as proposed in Staiger et al. (1997) . 11 This calculation captures the uncertainty surrounding the parameters' estimates solely, that is, neither the model nor the data uncertainty.
To assess the relative roles of data versus estimation uncertainty, we perform a pseudo-real-time exercise. We isolate the specific effect of data revisions by estimating for each month the NAIRU using the data from the last available vintage (June 2009), but mimicking the data availability as it was in that month. Figure 5 reports the results of the computations, showing the real-time NAIRU (denoted RT NAIRU) along with the associated confidence interval and the pseudo-real-time NAIRU (Pseudo RT NAIRU). To ease comparison, we also report the NAIRU computed from the last available vintage (Last NAIRU). We also report, in figure 6 , the real-time unemployment gap, defined as the difference between unemployment and the NAIRU. This variable can be interpreted as an indicator of forthcoming inflationary pressures according to equation (1).
The results show that the recursive estimates of the NAIRU change substantially over time. Moreover, the real-time and pseudo-real-time estimates are close to each other, but they differ substantially from the NAIRU computed using the last available vintage of data. This result indicates that data availability is the most important source of real-time uncertainty, while data revisions are of second-order importance. Overall uncertainty is relevant for the estimates based on earlier vintages, using data up to the June 2003 ECB Monthly Bulletin, where the estimation sample remains short. However, both the pseudo-real-time and the last-vintage NAIRUs remain within the confidence bands around the real-time NAIRU. This indicates that the uncertainty arising from data availability and data revisions remains well below the uncertainty due to parameter estimation.
Finally, an interesting by-product of this illustrative exercise is that, as seen in figure 6 , the focus on the unemployment gap can be misplaced, regardless of otherwise relevant parameter or model uncertainty considerations. Data uncertainty can render the interpretation of such variables highly dubious especially around turning points. During the slowdown of 2001-2002, the gap is subject to a measurement error of close to 2 percentage points, while during the recovery, there is a prolonged period, from 2003 to 2005, of uncertainty over the sign of the unemployment gap.
VII. Summary and Conclusions
We have described and documented the construction of a euro-area real-time database comprising more than 200 series as reported in the ECB Monthly Bulletin. The monthly vintages of the underlying bulletin data are made available for external use on the EABCN Web site and the ECB statistical data warehouse and are updated quarterly. This database provides users with regular snapshots of official euro-area data, which are available to the ECB Governing Council at the beginning of each month, when monetary policy decisions are usually made.
On this basis, we have studied the real-time data revision and data flow processes in the euro area and compared them with those for the United States and Japan. Revisions for the euro area appeared, especially on the real side, as limited in comparison with the two other countries, which may be connected to a less timely delivery of the first estimates in the euro area.
At the same time, revisions to the euro-area macroeconomic data can be substantial enough to affect the assessment of the macroeconomic situation in the area at a given point in time. For instance, the GDP composition or industrial production indices can experience important changes over time. Additionally, the unemployment rate and the saving ratio are typically subject to sizable revisions, albeit mostly affecting the level rather than the trends in the reviewed series. Labor productivity trends or the degree of openness seem to be less affected than other key ratios, such as terms of trade or propensities to consume or invest out of GDP.
We have also provided real-time and pseudo-real-time NAIRU estimates for the euro area on the basis of this bulletin real-time euro-area database and showed that the uncertainty arising from data availability and data revisions remains well below the uncertainty due to parameter estimation.
We welcome and encourage the use of the real-time database with the aim of fostering the advancement of quantitative research on the euro-area economy. 12
